Abstract Objective Our objective was to examine the likelihood of vaginal birth after cesarean (VBAC) for women in Massachusetts. Methods We used birth certificate data among term, singleton, vertex presentation births by repeat cesarean or VBAC to conduct logistic regression models to examine the likelihood of VBAC for women categorized into standard classifications of race and ethnicity and into 31 detailed ethnicities. Data were analyzed for the entire study period (1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010) (0.37, CI [0.27, 0.50]), relative to self-identified American mothers. Conclusions Detailed maternal ethnicity explains the variation in VBAC rates more precisely than broad race/ethnicity categories. Improvements in our public health data infrastructure to capture detailed ethnicity are recommended to identify and address disparities and improve the quality of maternity care.
Introduction
The current cesarean delivery rate is a result of both the rise in primary cesarean delivery and the decrease in vaginal birth after cesarean (VBAC) [1] . The overall VBAC rate in the United States (US) declined sharply from 24 % in 1996 to 8 % in 2010 [2] , contrary to the Healthy People 2010 national target of 37 % (objective no. 16-9b) [3] . The probability of successful VBAC in population-based studies is estimated to be 60-80 % [4] [5] [6] [7] , yet success rates are reported to vary among different population groups based on maternal characteristics including race/ ethnicity [8] . For example, a recent systematic review on factors influencing VBAC rates concluded that Black women and Hispanic women were less likely than their White counterparts to have a VBAC [9] .
While maternal race/ethnicity is generally not considered a strong predictor of VBAC in individual women, it is a stable trait characteristic that is known at a women's first prenatal visit. Grobman's validated clinical prediction tool to determine a patient specific chance of successful VBAC after a trial of labor uses Black race and Hispanic ethnicity in its calculus of risk and weights these characteristics greater than maternal age [10] . At a population level, the variation in VBAC by race/ethnicity can be interpreted as a sign of poor quality healthcare and indicates either overuse or underuse of the procedure [11] .
Minority women now account for 50 % of the over 4 million births in the US annually and persistent racial/ ethnic disparities in perinatal outcomes are known to exist [12] . In order to track and monitor perinatal outcomes for all women and relevant groups, more detailed data reflective of our diverse composition are needed. However, existing studies use broad categories of race and a binary form of ethnicity that oversimplifies cultural diversity in the US [13] . Aggregating data, while analytically necessary at times, prevents examination of health outcomes for distinct racial and ethnic groups. Data pertaining to perinatal outcomes across heterogeneous ethnic groups in the US are limited despite the importance of better understanding healthcare disparities.
Therefore, we conducted this study using a large population-based data set that allowed examination of the likelihood of VBAC among thirty-one major ethnic groups. We compared our results to the standard Office of Management and Budget (OMB) classifications of race/ethnicity more commonly employed in epidemiological studies [14] . Massachusetts was an ideal setting because it is one of only a few US states to have collected detailed ethnicity data on the birth certificate for over 15 years.
Previously we found that detailed maternal ethnicity describes the variation in nulliparous, term, singleton, vertex presentation (NTSV) cesarean delivery rates more precisely than standard race/ethnicity categories that employ only one binary ethnic category (Hispanic/non-Hispanic). Use of standard categories can misclassify and therefore inaccurately make conclusions about disparities among minorities [15] . We therefore hypothesized that significant variation would exist in VBAC rates among ethnic groups not evident when examined by standard racial/ethnic classifications; furthermore, this variability would persist after adjustment for independent variables known to be associated with VBAC rates (maternal age, parity, maternal education, marital status, place of birth, prenatal care adequacy, infant birth weight, delivery source of payment, and hospital of birth).
Methods

Study Population
Data from the Massachusetts Registry of Vital Records and Statistics on all women who delivered a live birth over a fifteen-year period between January 1, 1996 and December 31, 2010 were considered for inclusion. Among the 1,162,099 live births, there were 120,223 term (C37 or \42 weeks of gestational age), singleton (one offspring), and vertex presentation (head down) deliveries by repeat cesarean or VBAC to women with a history of at least one cesarean delivery. We excluded 471 records with missing information on delivery mode and/or ethnicity as well as births that occurred out of the hospital, in unknown locations, at birth centers, or in hospitals with \15 births over the study period. The result was a final analytic sample of 119,752 births.
While limitations in birth certificate data exist, a population based validation study concluded that race and ethnicity by mode of delivery are reliable [16] . Birth certificate data were also found to be reliable for maternal race and mode of delivery when compared to the data available in a patient's record [17] . The Standard Certificate of Live Birth (1989 Revision) is populated by data collected from both a Parent and Hospital Worksheet for Birth Certificates. Parent(s) are required to complete the legal portion of the Parent Worksheet, which contains both legal and socio-demographic information on the child's mother and father. The Hospital Worksheet is completed by a designated hospital representative (e.g., nurse, midwife, or hospital birth registrar) and contains data on prenatal care, labor and delivery, neonatal, and discharge conditions and procedures.
Outcome Measure
Mode of delivery was the primary outcome for the analysis. Each birth was indicated on the birth certificate as being delivered by one of two modes: VBAC or repeat cesarean, which was defined as a binary outcome. Repeat cesarean deliveries were those preceded by at least one cesarean delivery including those that were scheduled or occurred after a trial of labor.
Race/Ethnicity Measures
The primary independent variable was maternal ancestry or ethnic heritage (henceforth referred to as ethnicity).
Ethnicity was derived from the following open-ended question on the Parent Worksheet for the birth certificate, ''Please mark one category that best describes the mother's ancestry or ethnic heritage'', of which 39 mutually exclusive options were self-reported. Single reporting of ethnicity occurred during the entire study period. Participants from 8 categories of 1800 mothers or less were included in the relevant ''Other'' categories (e.g., Other African, Other Central American). When visually displaying the data, this was the logical cut-off for groups due to small sample sizes across the study period. According to the Massachusetts Department of Public Health, mothers who reported their race as Black and ethnicity as American were recoded as African American ethnicity, which is consistent with the African American ethnicity option on the Parent Worksheet [18] . American mothers were defined as non-Black and non-Hispanic who considered their ethnicity to be American. As a result, 31 unique ethnicity categories were included in the analysis. American, the majority and historically advantaged ethnic group, was the category with which all other ethnic groups were compared.
The parent worksheet also asks ''Please mark one category that best describes the mother's race'' and options include White, Black, Asian/Pacific Islander, American Indian, and Other. The maternal race and ethnicity questions were combined to construct the standard OMB categories. The five broad racial/ethnic categories used were: non-Hispanic White, non-Hispanic Black, Hispanic, Asian/ Pacific Islander, and Other, which approximate standard OMB classifications for federal data collection in the US. Non-Hispanic White, the majority group, was the racial/ ethnic category with which the other categories were compared.
Independent Variables
The following independent variables were included: maternal age (B24, 25-29, 30-34, C35 years), parity (2 or C3), maternal education (less than high school, high school graduate, some college, college graduate and higher), marital status (married or not married), maternal place of birth (US or foreign born), prenatal care adequacy (adequate or inadequate), infant birth weight (low birth weight \2500 g, normal birth weight 2500-4000 g, and high birth weight [4000 g), delivery source of payment (private, public, other), and hospital of birth.
Women were considered to be foreign born if they listed their country of birth anywhere other than the 50 states that comprise the US and DC; thus, women from Puerto Rico were considered foreign born. The Adequacy of Prenatal Care Utilization (APNCU) Index was used to classify the level of prenatal care into adequate and inadequate [19] .
Adequate prenatal care was defined as 80 % or greater on the APNCU Index (sum of the adequate and adequate plus categories) and the rest were considered inadequate. Missing values for maternal education were coded as missing to be included in the analysis. This research study was conducted in accord with prevailing ethical principles and reviewed by Boston College Institutional Review Board that considered it exempt.
Statistical Analyses
In descriptive analyses, the frequencies of VBAC by all study variables were examined. The odds of VBAC were examined by standard OMB race/ethnicity categories and then by detailed ethnicity categories. The first logistic regression model examined differences in VBAC between the five standard OMB racial/ethnicity categories relative to non-Hispanic White mothers. We adjusted for maternal age, to account for the higher rates of pregnancy risks with advancing age [20] , and year of birth, to account for the nationwide decline in VBACs [2] . Maternal socio-demographic characteristics (parity, education, marital status, place of birth, delivery source of payment), birth characteristics (prenatal care adequacy, infant birth weight), and a hospital fixed effect, to control for the known hospital differences in cesarean delivery [21] , were also included in the model. The regression model was then repeated for each of the 30 ethnic groups relative to self-identified American mothers. Data were analyzed for the entire study period (1996-2010) and, separately, for the last 5 years (2006-2010) to examine more recent patterns. All analyses were conducted using SPSS, V20.
Results
Across the entire study period there were 119,752 VBAC deliveries of which 46,081 occurred in the last 5 years between 2006 and 2010. The proportion of VBACs decreased from 36.1 % in 1996 to 4.3 % in 2010. The average VBAC rate for the entire study period was 17.6 %, and it was 9 % for last 5-year period.
A description of the study population and percent of VBAC deliveries by maternal and birth characteristics are shown in Table 1 . Over the entire study period, the proportion of VBACs decreased with maternal age (p \ 0.01) and increased with parity (p \ 0.01). A higher proportion of VBACs occurred among US born than foreign-born women (p \ 0.01) and among women who received less than adequate prenatal care (p \ 0.01). Deliveries of high birth weight babies were less likely to occur as a VBAC than deliveries of normal or lower birth weight babies (p \ 0.01). There were no differences by marital status.
There were similar patterns in the last 5 years except no differences by age were observed and a higher proportion of VBACs occurred among foreign born than US born women (p \ 0.01).
Standard OMB Race/Ethnic Categories
Over the entire study period, the mean VBAC rate was 17.5 % for non-Hispanic White women, 17.1 % for nonHispanic Black women, 18.1 % for Hispanic women, 19.6 % for Asian/Pacific Islander and 17.4 % for ''Other'' category women. Temporal trends in the mean VBAC rate for standard racial and ethnic categories are depicted in In the regression model using standard OMB racial and ethnic categories (Table 2) , adjusting for year of birth, maternal socio-demographic and birth characteristics, and a hospital fixed effect, the odds of VBAC relative to nonHispanic White mothers was lower for non-Hispanic Black mothers 
Detailed Ethnic Categories
Average VBAC rates by detailed ethnicity varied more than the standard OMB categories (Table 3) . Over the entire study period, the average VBAC rate ranged from 5.8 % among Brazilians to 29.3 % among Cambodians, 12.4 percentage points lower and 11.1 percentage points higher, respectively, than the average rate for self-identified American women (18.2 %) (Fig. 2) . In the last 5-year period, the mean VBAC rate ranged from 3.0 % among Brazilians to 16.9 % among Japanese, 5.3 percentage points lower and 8.6 percentage points higher, respectively, than the average rate for self-identified Americans (8.3 %). The odds of VBAC relative to self-identified American mothers were lower for 7 of the 30 ethnic groups (range of AORs 0.40-0.89) and higher for 8 of the 30 ethnic groups (range of AORs 1.18-2.11) in the adjusted model using detailed ethnicity ( 
Discussion
We found significant racial and ethnic variation in VBAC rates in Massachusetts between 1996 and 2010 and the likelihood of VBAC relative to ''American'' women varied depending on whether women were grouped into the standard OMB categories or by the detailed ethnicity categories. The overall decline in VBAC, after the 1996 peak, was consistent with national trends associated with practice guidelines from the American Congress of Obstetricians and Gynecologists (ACOG), issued in 1999, that stipulated that a trial of labor after previous cesarean delivery should occur only in facilities with ''immediately available'' surgeons and anesthesiologists [22] . As hypothesized, a more nuanced picture of VBAC variation emerges when data are analyzed by detailed ethnicity categories after adjustment for independent variables known to be associated with VBAC rates.
Categorizing women into the standard OMB Hispanic category shows that Hispanic women are no more or less Our data partially supports the observation that Black women have lower rates of VBAC. For the entire study period non-Hispanic Black women had lower adjusted rates of VBAC than non-Hispanic White women and the adjusted rate for African Americans compared to selfidentified Americans was slightly lower. However, no significant difference was observed in the last 5 years for either non-Hispanic Black or African American women. Recent changes in the composition of women in the nonHispanic Black category in Massachusetts [27] could account the inconsistency of our data from the last 5 years, relative to the generally accepted and historic finding that Black or African American women have lower rates of VBACs than White women [9] . For example, Massachusetts has experienced rising Black immigration, from Comparisons with previous studies are complicated by differences in data sources and methods including classifications of race and ethnicity with no known studies examining VBAC variation using detailed ethnicity. Consistent with findings from our previous study on primary cesarean rates [15] , Brazilian and Cambodian women had the lowest and highest VBAC rates, respectively, of all detailed ethnic groups.
Several limitations need consideration. Data on clinical risks for a repeat cesarean were not available in our dataset. Yet, the indication for most repeat cesareans is a previous cesarean and VBAC rates have dropped faster than changes in clinical risks for cesarean delivery can explain [23] . We also did not have data on trial of labor attempts. However, a study based on New York birth certificate data demonstrated little change in the proportions of women achieving a VBAC once trial of labor was undertaken [24] . Further, race/ethnicity misclassification due to multiple ethnic identities, the intersection of race and ethnicity, and cultural heterogeneity can produce inaccurate results [25] . Our data are derived from self-reported race/ethnicity, which is considered the ''gold standard'' endorsed by the Institute of Medicine [25] .
It is unclear whether higher or lower rates of VBACs during the study period represent better or worse quality of care. Practice guidelines from ACOG, issued in 1999, stipulated that a trial of labor after previous cesarean delivery should occur only in facilities with ''immediately available'' surgeons and anesthesiologists, and are considered an important factor in the rate of VBAC decline [22] . The guidelines were based on data that showed an increased risk of uterine rupture for VBACs [26] . Unable to comply, some hospitals and obstetricians removed VBAC as an option, thereby limiting access. Accepting these guidelines as the standard of care, the essential observation is that during the study period, lower rates of VBAC represent a higher quality of care. Yet, based on our results, which controlled for hospital of birth or differential access to VBAC, it would be difficult to argue, that ethnic groups with lower VBAC rates in Massachusetts had less access and received lower quality maternity care than ethnic groups with higher VBAC rates. Nonetheless, with the overall VBAC rate increasing in Massachusetts from 9.4 % in 2011 to 11.2 % in 2012 [27] , and the ACOG 2010 guidelines that are less restrictive of VBACs [28] , it will be important to continue to monitor for equitable uptake of the procedure.
The debate on the role of race and ethnicity in variation in maternity care practice centers on whether the association is the result of biological differences or whether ethnicity is acting as a proxy for underlying socio-cultural attributes that might impact counseling, labor management, and/or maternal preferences. While there is insufficient evidence to support the biological argument [29, 30] , the influence of socio-cultural attitudes toward childbirth has been demonstrated [31] [32] [33] [34] [35] in areas such as mode of delivery preferences [36] , fear of birth [37] , and communication patterns with delivery care providers [38] [39] [40] . Socio-cultural factors likely play a role in the decision to have a repeat cesarean or VBAC as such decisions are subject to clinical discretion and sensitive to women's preferences. Further investigation into the socio-cultural specificities that shape women's preferences and interactions with health care providers about mode of delivery decisions may help target public health initiatives that prevent repeat cesareans.
Conclusions
Our data provide baseline information about racial/ethnic patterns in a large population based cohort with significant racial and ethnic diversity that can be compared to future cohorts. This study demonstrated wide variability in VBAC rates by maternal ethnicity and that detailed maternal ethnicity explains the variation in VBAC rates more precisely than broad race/ethnicity categories. Describing patterns of VBAC utilization by detailed ethnicity allows for analysis that recognizes within-group heterogeneity. From a public health standpoint we recommend improvements in the capacity of our state and national measurement infrastructure to allow for detailed ethnic identification. Given the large number of repeat cesareans performed each year and the growing number of minority births in the US, the disparity in VBACs observed could have an important impact on health care quality and equity in maternal outcomes at a population level.
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